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Abstract 
Although the general interest of the emotional arousal in human-product interaction gradually grows, we have 
few understandings of how it can be addressed by products. In this paper we propound an argument that the 
feedback style caused by user’s action will give rise to emotional responses. Taking the action of CD player 
cover for example, we propose an approach to investigating how the different rhythm of the cover’s open and 
close influences emotion. This result of the research shows the relationship between emotional responses and 
product motion behavior and facilitates designer’s intention to arouse emotional responses by deciding the 
product motion behavior in interactive product design. 
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Relevance of problem 
It has been argued that emotion has become more and more important in the field of product 
design. Products effect user’s emotion apparently in different aspects, e.g. a user may feel 
pleasure or disgusting because of product’s appearance, or impose past images pertaining to 
similar experiences on new product. There have been many researchers addressing the issue 
of emotion aroused from product appearances (Nagamachi 1995; Desmet 2003). However, 
little attention has been given to the point that emotion is aroused from interactive conditions. 
The traditional research issues in the interactive relationship between user and product are 
ergonomics or usability engineering borrowed from software interface design or some other 
ethical concerns. Namely, performance has been considered as the most important value 
while user-product interaction happens, yet the potential for enhancing pleasure has been 
often ignored. Although the evidence is not compelling that emotion is probably aroused 
from user-product interaction, it is possible to argue that emotional appraisals indeed exist so 
as to evaluate partial or whole interactive quality, e.g. given the opening conditions between a 
poor electric door or a elegant CD player manufactured by Bang & Olufsen, they certainty 
give us different feelings. 
 
Obviously, there seems to be several phases taking place in user-product interaction, e.g. 
causing the user to start to interact with a product, operating a product, feedback from 
product and so on. Among them, feedback from product, i.e. the product behavior resulting 
from user’s action, is an obvious interaction type; hence we start with product behavior to 
explore the relationship between emotion and interaction. 
 
In addition, the correlations between usability evaluation and emotional appraisal have been 
discussed gradually. People have both cognitive and affective analyses when interacting with 
an object, while they are just two parts concerned in the field of product design, usability 
resulting from use’s cognitive evaluation and emotion resulting from user’s affective 
appraisal. In terms of cognitive psychology, affective system and cognitive system 
considered information processing systems affect each other, i.e. some emotions—affective 
states—are driven by cognition, and cognition is influenced by affect (Norman 2002). 
Therefore, the correlation between usability evaluation and emotional appraisal in the 
interactive condition of product behavior triggered are also examined  
 
 
Approach 
In this study, we take the flip cover of CD player as an example to conduct an experiment to 
measure user’s usability evaluation and emotional appraisal when operate the flip cover of 
each CD player. The open of the flip cover is a simple product behavior in which timing is 
regarded as the major behavioral parameter and its duration shows variation of rhythm. The 
other factors during cover’s open, such as sound, are excluded in the study. 
 
Subjective judgments separated from usability and emotion can be measured through self-
report. We view emotional measurement from the multidimensional perspective which 
emotional dimensions are differentiated from arousal (calm/excited) and valence 
(positive/negative) (Russell 1980). The idea of a dimensional representation regarding user’s 
appraisals as continuous state rather than discrete state is more thorough than the discrete 
perspective separated emotion into fundamental expression (Ekman 1984). 
 
In regard to usability evaluation, there are no standardized lists aimed at interaction. By 
considering the characteristics of physical product, 4 suitable items, durability, accessibility, 
reliability, and quality, are selected from related usability research papers (Nielsen 2000; 
Mehlenbacher 2001; Han et al. 2001). 
 
Both the relationship between Flip Cover’s motion behavior and subject’s emotional response 
and the correlation between emotion and usability evaluation are proposed in this study. The 
former focuses on how categories and levels of rhythms of product behaviors affect user’s 
attitude towards product. The later focuses on whether usability evaluation and emotional 
appraisal are relevant or not. 
 
 
Experiment 
Sampling 
Six different CD players are selected as samples and each of them is with a flip cover which 
motion behavior after being triggered is noticeably various. By using a video camera to 
capture the motion of each flip cover (Figure 1), the time-angle relation of each flip cover 
motion was plotted in Figure 2. 
 
 
Figure1, Recording the angle of a flip cover 
 
 
Figure 2, The time and angle variance of each flip cover 
 
Motion behavior composition of samples 
In order to find out the relationship between the motion behavior of triggered flip cover and 
user’s emotional response after seeing this motion, the time sequence of a flip cover open 
behavior is divided into three sections as initial term, duration term and ending term. 
 
According to Figure 2, there are two types of tempo in the initial term of each motion, short-
period and long-period. Short-period means that the time needed when the cover’s angle is 5° 
is less than 0.1 second, while long-period means that the time needed is more than 0.1 
second.  
 
In the duration term, two types of motion are defined, rapid and gradual motion separately. 
Whether the motion in the duration term is rapid or gradual is reflected in the slope of each 
curve. If the slope of a curve is larger than 45°, we define this kind of motion in the duration 
term as rapid motion; otherwise, it is defined as gradual motion. Finally, in the ending term, 
the motion behavior was divided into three types, immediate stop, gradual stop, and 
vibration. 
 
Time sequence section categories 
long-period Initial term short-period 
steep slope Duration gentle slope 
immediate stop 
gradual stop Ending 
vibration 
 
Table 1, Classification of motion behavior 
 The composing features of motion behavior were classified according to the 3 time sequence 
sections and 7 categories shown in Table 1.Accordingly, each sample consists of different 
motion behavior composition, as showed in Table 2. 
 
Time Sequence Section 
Sample ID 
Initial term Duration Ending 
Sample 1 long-period (0.13 s) gentle slope gradual stop 
Sample 2 short-period (0.4 s) steep slope gradual stop 
Sample 3 short-period (0.5 s) gentle slope immediate stop 
Sample 4 long-period (0.32 s) steep slope vibration 
Sample 5 short-period (0.4 s) steep slope vibration 
Sample 6 short-period (0.8 s) steep slope immediate stop 
 
Table 2, Motion behavior consisted in each sample 
 
The experiments 
Subjects were 23 graduate students in National Chiao-Tung University. They were asked to 
express their reactions by a scale questionnaire after triggering each flip cover of CD player; 
meanwhile, they were also asked to wear headsets so as to eliminate the influence from sound 
generated by flip covers.  
 
Usability： 
Durability 
Accessibility 
Reliability 
Quality 
   
agree   5------4------3------2------1  disagree 
agree   5------4------3------2------1  disagree 
agree   5------4------3------2------1  disagree 
agree   5------4------3------2------1  disagree 
 
Emotion:     
Arousal      
Valence 
   
calm   2------1------0------1------2   excited  
positive  2------1------0------1------2   negative 
 
Figure 3, Questionnaire (partial） 
 
There are two parts of the questionnaire as shown in Fig 3. One is Likert scale, a rating scale 
Picture of 
sampling 
designed to measure user attitudes or reactions by quantifying subjective information. And 
the other is emotional measurement from the multidimensional perspective which emotional 
dimension is differentiated from arousal (calm/excited) and valence (positive/negative). After 
triggering each flip cover, subjects were asked to express agreement or disagreement of a 
five-point scale about usability evaluation items of each CD player and rated the emotional 
response in the emotional rating scale.  
 
 
Results and discussion 
Relationship between Flip Cover’s motion behavior and subject’s emotional response 
The scores assigned to each sample were then analyzed by applying the Quantification 
Theory Type I. This statistical method could identify the coefficient of motion behaviors 
which contributed to emotional reaction (arousal and valence) and usability evaluation items 
as external criterions. Table 3 presents the result of applying Quantification Theory Type I to 
the data of usability and emotional appraisal.  
 
Partial correlation coefficient is a weighting point contributed to an evaluation item. With the 
partial correlation coefficient is higher, the degree of influence on the evaluation item is 
greater. For instance, among the time sequence sections, initial term influences valence most 
(partial correlation coefficient is 0.99639). 
 
 
 
 
 
 
 
 
 
 
 
 
 
   Evaluation 
Items 
 
 
Categories 
Durability Accessibility Reliability Quality calm/excited positive/negative 
Long- 
period  -0.184 -0.966 -0.502 -0.551 -0.792 -0.754 
Initial term
 
Short- 
period 
0.49102 0.092 
0.95968 0.483 
0.9233 0.251 
0.96733 0.275 
0.92731 0.396 
0.99639 0.377 
Steep 
slope -0.256 -0.169 -0.169 -0.087 -0.155 -0.101 
D
uration Gentle slope 
0.82331 0.512 
0.77132 0.338 
0.82769 0.338 
0.73548 0.174 
0.73721 0.309 
0.94301 0.203 
Immediate 
stop  0.715 -0.227 0.512 0.493 -0.184 0.014 
Gradual 
stop  0.353 0.411 0.324 0.406 0.149 0.319 
Ending 
Vibration  
0.94888
-1.067 
0.82567
-0.184 
0.96384
-0.836 
0.98432
-0.899 
0.53225
0.034 
0.98349 
-0.333 
Constant C 3.348 3.377 3.413 3.188 3.014 3.232 
Multiple 
correlation 
coefficient 
0.984 0.963 0.9902 0.995 0.9337 0.9974 
 
Table 3, Results of Quantification Theory Type I analysis 
 
According to the analysis shown in Table 3, the relationship between long-period and the 
accessibility, reliability, or quality of a CD player is negative correlation; namely, if the time 
of a CD player’s flip cover opening is much longer, subjects will feel this CD player less 
accessible, less reliable, and with less quality. 
 
In the emotional appraisal, the longer initial time of a flip cover opening makes subjects feel 
more excited but more negative feelings. 
 
Considering the duration term of the flip cover motion, subjects feel the CD player with a 
gentle flip cover motion behavior curve more reliable. 
 
In the ending term of the flip cover motion, if the cover stops immediately, subjects will think 
this CD player more reliable. In contrast, if the cover vibrates in the ending term, subjects 
will think this CD player less durable, less reliable, and with less quality. 
 
 
The correlation between emotion and usability evaluation 
The relationships between emotional appraisal and usability evaluation items using the 
coefficient of correlation are presented in Table 4. 
 
 Durability Accessibility Reliability Quality Valence Arousal 
Durability 1.000 .441** .750** .725** .514** .106 
Accessibility  1.000 .580** .551** .616** .230** 
Reliability   1.000 .774** .676** .285** 
Quality    1.000 .711** .150 
Valence     1.000 .214* 
Arousal      1.000 
** Correlation is significant at the 0.01 level (2-tailed). 
* Correlation is significant at the 0.05 level (2-tailed). 
 
Table 4, Correlations between evaluation items 
 
At first, form the perspective of usability evaluation, the magnitude of correlation between 
quality and reliability (0.774) is relatively higher in this experiment. This suggests that: the 
higher subjects evaluate the quality of a CD player the higher they evaluate its reliability. 
Additionally, the correlation between durability and reliability (0.750) and the correlation 
between durability and quality (0.725) also reveal the positive correlation between these 
evaluation items. 
 
Secondly, from the perspective of emotional appraisal, the correlation between valence and 
usability evaluation items is greater than that between arousal and usability. Moreover, 
among the usability evaluation items, the accessibility, reliability, and quality of a CD player 
relate to valence more than other usability evaluation items (0.616, 0.676, 0.711 separately). 
 
Therefore, valence has positive correlation with usability evaluation items. In other words, if 
the motion behavior of a product gives user more positive emotional response, user will 
evaluate it more positively or feel its usability is better. 
 
 
Conclusion and future prospects 
Based on this pilot study, the relations between product motion behavior and user emotional 
appraisal are established. Furthermore, the results can be applied to other products with 
similar behavior, such as automatic doors, CD player with tray loader and so on.  
 Although this study mainly focused on how rhythm of product motion behavior affects user’s 
emotional appraisal, we can claim that users would evaluate product emotionally and that the 
emotional appraisal would influence his/her evaluation of product’s quality. Therefore, 
designers should take the rhythm of product motion behavior into account when they define 
the product behavior and should consider its influence on users. 
 
Isen(1993) indicated that cognition is influenced by affection. Norman (2002) also suggested 
that tools providing pleasure would make difficult tasks easier. Although we cannot make 
sure which kind of evaluation appears first, we can suggest that usability evaluation and 
emotion appraisal influences each other. 
 
Besides the issues we discussed above, there are some topics can be concerned in the future: 
 
1. Conducting deepgoing experiments aiming at each attribute of product motion behavior: 
It can be considered specifically and deeply to study how different time span in each term 
during the flip cover’s open behavior affects emotional appraisal or to investigate various 
kind of product motion behavior. 
 
2. Developing subjective measurement applying to interaction: 
A special point in emotional appraisal of interaction is that it involves in functionality 
frequently, but the vocabularies used are not precise to express whole concept. In this study 
we find the concern may refer to usability or intuition, thus more suitable interaction 
measurement should be developed further. 
 
3. Defining the composition of interaction by determining user-product interaction process: 
For the reason that the interactive process is not comprehended clearly, interactive designers 
have no ideas to design emotion in an interaction. There seems to be several phases taking 
place in user-product interaction. If interaction process can be determined clearly, we may 
define the composition of interaction definitely. 
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